Cows with high lactation persistency tend to produce less milk than expected at the beginning of lactation and more than expected at the end. Best prediction of lactation persistency is calculated as a function of traitspecific standard lactation curves and linear regressions of test-day deviations on days in milk. Because regression coefficients are deviations from a tipping point selected to make yield and lactation persistency phenotypically uncorrelated it should be possible to use 305-d actual yield and lactation persistency to predict yield for lactations with later endpoints. The objectives of this study were to calculate (co)variance components and breeding values for best predictions of lactation persistency of milk (PM), fat (PF), protein (PP), and somatic cell score (PSCS) in breeds other than Holstein, and to demonstrate the calculation of prediction equations for 400-d actual milk yield. Data included lactations from Ayrshire, Brown Swiss, Guernsey (GU), Jersey (JE), and Milking Shorthorn (MS) cows calving since 1997. The number of sires evaluated ranged from 86 (MS) to 3,192 (JE), and mean sire estimated breeding value for PM ranged from 0.001 (Ayrshire) to 0.10 (Brown Swiss); mean estimated breeding value for PSCS ranged from −0.01 (MS) to −0.043 (JE). Heritabilities were generally highest for PM (0.09 to 0.15) and lowest for PSCS (0.03 to 0.06), with PF and PP having intermediate values (0.07 to 0.13). Repeatabilities varied considerably between breeds, ranging from 0.08 (PSCS in GU, JE, and MS) to 0.28 (PM in GU). Genetic correlations of PM, PF, and PP with PSCS were moderate and favorable (negative), indicating that increasing lactation persistency of yield traits is associated with decreases in lactation persistency of SCS, as expected. Genetic correlations among yield and lactation persistency were low to moderate and ranged from −0.55 (PP in GU) to 0.40 (PP in MS). Prediction equations for 400-d milk yield were calculated for each breed by regression of both 305-d yield and 305-d yield and lactation persistency on 400-d yield. Goodness-of-fit was very good for both models, but the addition of lactation persistency to the model significantly improved fit in all cases. Routine genetic evaluations for lactation persistency, as well as the development of prediction equations for several lactation end-points, may provide producers with tools to better manage their herds.
IntrODuCtIOn
Persistency of lactation is typically defined as the rate of decline in production after peak milk production has been reached. High lactation persistency is associated with a slow rate of decline in production, whereas low lactation persistency is associated with a rapid rate of decline. Cows with greater lactation persistency are more profitable than average cows when yield and lactation persistency are correlated, although the differences are relatively small unless reproductive performance is very poor (Dekkers et al., 1997) . Most previous studies of lactation persistency have focused on its relationships with yield traits, but persistent cows may have lower health care and reproductive costs because of reduced stress at peak lactation (Zimmermann and Sommer, 1973) . Muir et al. (2004) reported favorable relationships among lactation persistency and some measures of fertility (e.g., 56-d nonreturn rate), and unfavorable relationships with others (e.g., calving interval). Persistent animals require less energy in early lactation, allowing greater utilization of cheap roughage (Sölkner and Fuchs, 1987) . Appuhamy et al. (2007 Appuhamy et al. ( , 2009 reported that diseases tend to significantly affect lactation persistency, rather than persistency affecting disease occurrence, and that there are undesirable genetic correlations among persistency of milk and fat yields and several metabolic diseases. Harder et al. (2006) also reported unfavorable genetic correlations among persistency and metabolic diseases.
Lactation persistency is not currently included in International Bull Evaluation Service evaluations and there considerable variation among countries in how it is evaluated. Gengler (1996) reviewed several definitions of lactation persistency, including those independent of yield, differences between peak yield and yield on some arbitrary day in late lactation, and ratios of peak to late-lactation test-day yields. Druet et al. (2005) and Togashi and Lin (2006) have described measures of lactation persistency based on eigenvectors of the genetic (co)variance matrices of random regression models, although their biological interpretation is unclear. Cole and VanRaden (2006) described the evaluation of persistency of lactation yield for Holstein cows using national data and best prediction (VanRaden, 1997) , demonstrating the feasibility of routine genetic evaluations for these traits. Best prediction (BP) of lactation persistency (VanRaden, 1998 ) is calculated as a function of a trait-specific standard lactation curve and the linear regression of a cow's test-day deviations on DIM. They also suggested that lactation persistency might be used to improve predictions of yield.
Objectives of the current study were to calculate (co) variance components needed for routine evaluations of lactation persistency in Ayrshire (AY), Brown Swiss (BS), Guernsey (GU), Jersey (JE), and Milking Shorthorn (MS) cattle and to develop equations for the prediction of 400-d actual milk yield for each breed from 305-d actual milk yield and persistency of milk yield.
materIaLS anD metHODS

Persistency
For a given lactation, individual daily yield can be modeled as the expected value of a management group plus a deviation from that mean: y i = E(y i ) + t i , where y i is an individual yield on test-day i, E(y i ) is the expected yield for an animal in the same management group (Wiggans et al., 1988) on the same test day, and t i is a deviation from the group mean on the same test day. Suppose that μ is a vector of expected values for each day of lactation for a single trait, t , is assumed known and is calculated using a mathematical function that accounts for daily measurement error, biological changes over time, and parity 
where p is the predicted lactation persistency, which represents the component of lactation persistency that is independent of yield. Values of d 0 were calculated separately for first and later parities, and the same d 0 were used for all breeds. The tipping points are distinct from the lactation curves (d′μ), and are used only in the calculation of persistency. Lactation persistency was converted to a unit normal scale with a mean of 0 and a variance of 1.
The d′μ term represents a breed-and parity-specific standard lactation curve, d 0 E(y) represents the expected yield of a cow in the same breed-parity group, and the q′CV m −1 t m term represents an individual cow's expected deviation from the herd test-day average. Lactation persistency may be thought of as the regression of adjusted yield deviations on DIM for a particular trait, with cows producing greater yield in the first part of lactation (DIM < d 0 ) having negative lactation persistency and cows producing greater yield in the second part of lactation (DIM > d 0 ) having positive lactation persistency. Additional details on the derivation of lactation persistency are provided in Cole and VanRaden (2006) .
Data
Data consisted of lactations for AY, BS, GU, JE, and MS dairy cattle initiated by calvings on or after January 1, 1997, stored in the national dairy database (NDDB) at the Animal Improvement Programs Laboratory (USDA, Beltsville, MD). All cows were required to have a first lactation, only the first 5 lactations were used, and lactation persistency that exceeded ± 4.0 (4 SD) was rounded to an absolute value of ± 4.0. Days open less than 50 were set to 50, and days open greater than 250 were set to 250. Phenotypic reliabilities, the ratio of predicted to true lactation persistency (VanRaden, 1997) , of at least 50% were required for all milk (PM), fat (PF), and protein (PP) persistencies. Descriptive statistics of the data sets are provided in Table 1 . All analyses were conducted on a within-breed basis.
The repeatability animal model used for both (co) variance components estimation and breeding value prediction was y ijkl = hys i + lac j + a k + pe k + β(do jk ) + e ijkl , where y ijkl = persistency of milk, fat, protein, or SCS, hys i = fixed effect of herd-year-season of calving i, lac j = fixed effect of lactation j, a k = random additive genetic effect of animal k, pe k = random permanent environmental effect of animal k, do jk = days open for lactation j of animal k, and e ijkl = random residual error. The model did not include a regression on 305-d yield because lactation persistency and 305-d yield were already defined to be independent.
(Co)variance components were estimated within breeds using single-trait animal models and restricted maximum likelihood on the full data sets using the REMLF90 software package (Misztal et al., 2002) . Standard estimates of the (co)variance components are not available from the EM algorithm (Dempster et al., 1977) as implemented in REMLF90 (Misztal, 2008) . Approximate reliabilities of sire PTA for lactation persistency were calculated using the ACCF90 package (Misztal et al., 2002) ; yield reliabilities were obtained from the national genetic evaluation system. Complete pedigrees for each animal were extracted from the NDDB and combined into breed-specific files. Pairwise genetic and residual correlations among the 4 lactation persistency traits were estimated for each breed using a series of 6 bivariate models. Genetic correlations among yield and lactation persistency traits were obtained using 16 additional bivariate models. Best linear unbiased predictions of breeding values were obtained by fitting single-trait animal models to the full data set for each lactation persistency trait with the estimated (co)variance components using the BLUP90IOD software package (Misztal et al., 2002) .
Prediction of Yields Beyond 305 DIM
Given that BP of 305-d actual yield and lactation persistency are phenotypically uncorrelated (Cole and VanRaden, 2006) it should be possible to predict yield beyond 305 DIM as some function of the two. Lactation persistency is forced to be independent of 305-d yield but not yield beyond 305 d, and cows with high persistency may have higher yields in long lactations. Producers may use prediction equations to compare alternative management decisions that potentially affect lactation lengths, such as voluntary waiting periods and dry-off dates. Best prediction can calculate yields for lactations of any reasonable length developed to predict 400-d milk yield from either 305-d milk yield or 305-d milk yield plus lactation persistency for 6 breeds of dairy cattle. Jersey data were used to further investigate the predictive ability of lactation persistency with increasing lactation length. Data for AY, BS, GU, JE, and MS were extracted from the NDDB as described by Cole et al. (2009) , with the additional requirement that lactations were at least 400 d long. Holstein (HO) cow data were extracted from the data file used by Dematawewa et al. (2007) . Lactation persistency, 305-d, and 400-d actual milk yields were obtained using the BESTPRED program . The response variable of interest was the amount of milk produced between 305 and 400 DIM, which avoids part-whole confounding when regressing on 305-d yield. Two linear regressions, a reduced model with only 305-d yield and a full model including 305-d yield and lactation persistency as predictors, were fit to the data: Goodness-of-fit for each model was assessed using the R 2 statistic, and the change in R 2 between the reduced and full models was used to determine how much the prediction of y 400-305 was improved by the inclusion of lactation persistency in the model. The full and reduced models also were compared using an F-statistic constructed from the residual sums of squares and degrees of freedom from each model (Cook and Weisberg, 1998) , which is equivalent to testing the null hypothesis b 2 = 0.
A similar analysis was used for milk, fat, and protein yield in JE to determine the predictive ability of lactation persistency with increasing lactation length. The response variables of interest were the amount of milk, fat, and protein produced between 305 d and 999 d in 100-d intervals (305 d to 400 d, 305 d to 500 d, etc.). Goodness-of-fit between models was compared using the F-test described above.
reSuLtS
Heritability and Repeatability
Additive genetic variances, permanent environmental variances, residual variances, heritabilities, and repeatabilities for persistency of milk, fat, and protein yields and SCS (PSCS) are presented in Table 2 . Heritabilities represent the additive genetic variance of lactation persistency that is independent of yield for a trait and defined to have phenotypic variance of 1. Heritabilities for lactation persistency ranged from 0.07 to 0.18 for production traits, and from 0.03 to 0.06 for SCS, and were generally highest for PM (0.09 to 0.15) and lowest for PSCS, with PF and PP having intermediate values (0.07 to 0.13). Repeatabilities varied considerably between breeds, ranging from 0.08 (PSCS in GU, JE, and MS) to 0.28 (PM in GU). These estimates are similar to those reported by Cole and VanRaden (2006) for yield and SCS in Holsteins using BP. Gengler (1995) reported similar heritabilities and repeatabilities for PM (0.14, 0.26), PF (0.06, 0.15), and PP (0.04, 0.10) for measures of lactation persistency adjusted such that they were phenotypically uncorrelated with 305-d yield. These estimates are lower than others reported in the literature (Danell, 1982; Jamrozik et al., 1998; Strabel et al., 2001; Jakobsen et al., 2002) , and may be due in part to differences in trait definition.
No estimates of PSCS other than the Holstein results of Cole and VanRaden (2006) were found in the literature. The low estimates of heritability and repeatability in the current and previous studies indicate that environmental factors have much larger effects on SCS at given stages of lactation than does PSCS. 
Correlations Among Persistency and Yield Traits
The phenotypic (Table 3) and genetic (Table 4) correlations among lactation persistency and yield varied across breeds, as expected. The expectation of the phenotypic correlation among traits is 0 when breed-specific tipping points were calculated, which was verified by Cole and VanRaden (2006) for HO data and in the current study (data not shown). Phenotypic correlations of PM with milk, fat, and protein yield were positive in all breeds, although the magnitude of the correlations varied considerably. The tipping points used to calculate lactation persistency were calculated using Holstein data, so phenotypic correlations among yield and lactation persistency will only be 0 for Holsteins or breeds with lactation curves very similar to Holsteins. The breed that differed most from expectations was Brown Swiss, and that difference is consistent with the finding of Cole et al. (2009) that the shape parameters of BS lactation curves differ most from those of HO. In some breeds, PM had the highest phenotypic correlations with yield (MS), and in others it was PF or PP (AY, GU, JE, and BS). These results are consistent with lactation curves that differ between breeds and traits. Phenotypic correlations of milk, fat, and protein with SCS were negative in all breeds, and the correlations of PSCS and SCS were close to 0. Persistency of SCS had low correlations with milk, fat, and protein yield across breeds.
Genetic correlations of PM with milk, fat, and protein yield varied widely across breeds and were not consistent with respect to sign, ranging from −0.55 (r PP,protein in GU) to 0.40 (r PF,protein in MS). Genetic correlations even differed within persistency trait by breed, unlike the phenotypic correlations, and reflect genetic differences among breeds in lactation curves for the yield traits. Somatic cell score had negative genetic correlations with PM, PF, and PP across breeds, and those correlations ranged from −0.50 (r PP,SCS in MS) to −0.05 (r PP,SCS in BS). This may reflect the undesirable influence of mastitis occurring after 100 DIM on lactation persistency (Appuhamy et al., 2007) in which intramammary infections produce increased SCS and decreased persistency of yield. However, the relationship between mastitis and lactation persistency is complex, depending on factors such as time of occurrence of mastitis and the number of cases reported in a lactation.
Correlations Among Persistency Traits
Genetic and phenotypic correlations among persistency of milk, fat, and protein yields and SCS are presented for each breed in Table 5 . Results for milk, fat, and protein were similar to those presented by Cole and VanRaden (2006) . The negative correlations between yield and SCS are consistent with the deleterious effect of poor mammary health on production (Rajala-Schultz et al., 1999; Appuhamy et al., 2007 
Correlations Among Persistency and Lifetime Performance Traits
To investigate relationships among lactation persistency and other traits of economic significance sire PTA for PM, PF, PP, and PSCS were correlated with PTA for daughter pregnancy rate (DPR), productive life (PL), and lifetime net merit, cheese merit, and fluid merit (VanRaden, 2004; VanRaden et al., 2004 . Bulls were included if they were born on or after January 1, 1990, and had a reliability of at least 75% for a particular performance trait. Because of the small number of available AY, GU, and MS bulls, results are presented only for BS and JE. None of the persistency traits had a significant correlation with DPR, which may be a consequence of including days open in the model for lactation persistency. Productive life had significant, positive correlations (P < 0.05) with PM and PP in BS (n = 54) and with PM, PF, and PP in JE (n = 230). Correlations with PL ranged from 0.25 to 0.35 for BS, and 0.20 to 0.23 for JE. All 3 economic indices had significant correlations (P < 0.05) with the persistency traits in BS (n = 222) and JE (n = 1,012). Persistency of milk, fat, and protein had correlations with the economic indices that were positive and ranged from 0.19 to 0.29 in BS and 0.20 to 0.34 in JE. The correlations of the merit traits with PSCS were negative in both breeds, averaging −0.27 in BS and −0.17 in JE.
Sire Evaluations
Summary statistics for sire evaluations by breed are presented in Table 6 . Genetic trends, estimated by regression of PTA on sire birth year, were near 0 and nonsignificant (P > 0.10) for all traits in each breed (data not shown). Selection for improved yield has not resulted in increased lactation persistency despite moderately large genetic correlations between some persistency and yield traits (e.g., PM and protein yield in GU). Reliabilities of sire PTA for lactation persistency in all breeds were lower than those of the yield traits, which is expected because the persistency traits have lower heritabilities than the corresponding yield traits.
Prediction of Yields Beyond 305 DIM
Prediction equations for the amount of milk produced between d 305 and 400 of lactation, y 400-305 , for each breed are presented in Table 7 . The regression coefficients from the reduced model were similar in all breeds, ranging from 0.22 in AY to 0.25 in BS, and this term represents a straightforward scaling factor which accounts for differences in 305-d yield across breeds. Goodness-of-fit as assessed by the coefficient of determination statistic was very good in all cases (R 2 > 0.95). Adding the lactation persistency term had only a small effect on goodness-of-fit, increasing the coefficient of determination by 0.0026 to 0.0054, but provided a significantly better fit to the data in all cases (P < 0.0001). Regression coefficients for 305-d yield were similar between the full and reduced models. Ayrshires, GU, HO, and JE had similar regression coefficients for lactation persistency ranging from 332.47 (JE) to 379.24 (GU), suggesting that the influence of lactation persistency on y 400-305 is similar in those breeds. The lactation persistency term represents the rate at which production changes as lactations extend beyond 305 d; positive lactation persistency adds yield to an extended lactation compared with an average cow, and negative lactation persistency subtracts yield. For example, a BS cow that is +2 for PM will produce 1,138 kg more milk between 305 and 400 d than a cow with a persistency of zero, whereas a BS cow that is −2 for PM will produce 1,035 kg less milk over the same time period. Ayrshires, GU, and JE had similar y (1,686 to 1,809 kg), as did BS, HO, and MS (2,070 to 2,466 kg). These results suggest that 305-d milk yield alone is as good a predictor of milk yield beyond 305 d as yield and lactation persistency together. This would be the case if the phenotypic correlation between lactation persistency and the amount of milk produced in the 305 to 400 DIM interval was 0.
Full and reduced regression models were fitted to JE milk, fat, and protein data in 100-d intervals from 305 to 999 DIM (306-400, 401-500, 501-600, 601-700, 701-800, 801-900, and 901-999) identified by the endpoint of the interval to determine if the predictive ability of 305-d yield and lactation persistency differ across length of lactation and trait. It was expected that lactation persistency would provide more information as lactations increased in length. However, results from this extended analysis were similar to those from the milk analysis in individual breeds (Table 8) . Differences between time periods were small, and there were no differences in the relative predictive abilities of 305-d yield and lactation persistency across traits.
DISCuSSIOn
Lactation persistency as defined by Cole and VanRaden (2006) is useful as a measure of the shape of the lactation curve independent of 305-d yield. The results of Jamrozik et al. (1998) and van der Linde et al. (2000) suggest that lactation curves and persistencies differ between lactations, and differences probably exist between early-and late-maturing breeds. This was confirmed by Cole et al. (2009) , who estimated lactation curves for first and later parities in 6 breeds of dairy cattle and found that parameters describing the shapes of the curves can vary considerably. Breed-and parityspecific lactation curves are used in BP calculations , and the resulting test-day deviations are used in the calculation of both lactation yields and persistency.
The mean lactation persistencies in Table 1 are not 0 because HO rather than breed-specific tipping points were used, placing all cows on a HO base. It is not technically difficult to use breed-and parity-specific tipping points, but if that is done animals can be compared only to animals in the same breed-parity group. Results obtained from analyses using breed-and parity-specific tipping points (data not shown) indicated that differences between first and later lactations were generally much larger than differences between breeds. The use In all cases, the full model including milk yield and persistency provided a significantly better fit to the data (P < 0.0001) than did the reduced model including only milk yield. of a common set of tipping points also ensures that comparable phenotypes are generated for use in the all-breed genetic evaluation system ; US type traits are not evaluated in an all-breeds model because the traits are measured differently in each breed, and use of common tipping points avoids that problem with lactation persistency. Holstein tipping points were re-estimated several years after the introduction of BP (VanRaden, 1997) and were found to have changed over time (Cole and VanRaden, 2006) . Updated variance components were almost identical to the original estimates (P. M. VanRaden, Animal Improvement Programs Laboratory; unpublished data), suggesting that they are reasonably robust to changes in the tipping points, although it is possible that the use of the Holstein base may affect the heritabilities of the persistency traits and their correlations with other traits. The tipping points will need updating as lactation curves change shape over time, but small changes in the definition of lactation persistency do not alter the ranking of sire PTA (data not shown).
One of the objectives of this study was the calculation of (co)variance components needed for routine evaluations of lactation persistency. Genetic evaluations for yield in the United States are calculated using a repeatability animal model, so the same model was used in this study to calculate heritabilities and repeatabilities. The advantages of test-day models over repeatability models are well known (Mrode, 2005) , but their use in the United States is not currently feasible because of intellectual property concerns (Everett, 1994) . However, differences among lactation curves for first-and later-parity cows could be accommodated using separate tipping points for different parity groups. The disadvantage of this approach is that lactation persistencies would be directly comparable only within a parity group.
It has been suggested that measuring variation and maximum SCC in addition to mean SCC may improve predictions of clinical mastitis (Green et al., 2004) , and the value of measuring the persistency of SCS may lie in its ability to describe the pattern of SCS over the course of the lactation independently of yield. Cows with high PSCS produce more somatic cells in their milk in the second half of lactation than in the first half, and produce less milk later in lactation, which may be related to occurrence of clinical mastitis. Lactation curves for SCC differ substantially between lactations with at least one incidence of clinical mastitis and those with none, and the size of differences varies by pathogen (de Haas et al., 2002) . Windig et al. (2005) found that cows with SCC peaks had higher milk yield before the peak than after, and concluded that high milk yield increases the risk of clinical mastitis. In a recent study, Appuhamy et al. (2009) reported negative genetic correlations between clinical mastitis after 100 DIM and persistency of milk yield, and the genetic correlation between PM and PSCS is negative (Table 5 ), suggesting that cows with high PSCS are more likely to contract clinical mastitis later in lactation.
The correlations among sire PTA for lactation persistency and fitness traits provide approximate genetic correlations. The heritability of lactation persistency is slightly higher than DPR (0.04), similar to PL (0.085), and slightly lower than the merit indices (0.20). It is possible that bulls with relatively few daughter records could have lactation persistency proofs with much different reliabilities than their fitness trait proofs. To avoid such a situation, bulls were required to have a reliability of at least 75% for the fitness trait under consideration to be included in the PTA correlations. Although this is not as formal an approach as that of Calo et al. (1973) , it has been used quite satisfactorily for the formulation of the US economic indices, which are lifetime net merit, cheese merit, and fluid merit Multi-State Project S-1008, 2006) .
A cow with high lactation persistency (milking less than expected at the beginning of lactation and more than expected at the end of lactation) also has a longer productive life than an average cow. Correlations among the lactation persistency traits and economic indices were similar within breed, and all indicate that cows with more persistent lactations for milk and components have greater lifetime profitability than average cows. The positive genetic correlation among lactation persistency and PL may be due in part to the positive genetic correlations among lactation persistency and yield, and among yield and PL. The negative correlations between PSCS and economic merit indicate that cows with high SCS in the second half of lactation are less profitable over their lifetimes than cows with low SCS in later lactation. It must be emphasized that these results do not establish causal relationships. High lactation persistency does not necessarily cause improved longevity, but factors that favorably affect PL also affect lactation persistency.
It has been suggested that increased lactation persistency may have economic benefits resulting from improved health or reduced incidence of disease (Sölkner and Fuchs, 1987) . Selection on a measure of lactation persistency that has a high genetic correlation with yield is self-defeating because of the negative association between those factors and yield, which may explain the results of Jakobsen et al. (2002) , who found very small associations between persistency and liability to disease. However, Appuhamy et al. (2007) used BP in a study of disease and lactation persistency and concluded that disease appears to affect lactation persistency adversely rather than lactation persistency affecting disease. Harder et al. (2006) reported favorable associations between PM and fertility and foot-and-leg problems in German Holsteins, with persistent cows having lower rates of fertility and locomotion problems, but did not address the issue of causality. Calus et al. (2005) demonstrated considerable changes in genetic variance for health traits across herd environments, and relationships among lactation persistency and health may be difficult to characterize based on differential and changing patterns of use of management tools such as grazing and bST.
It was hypothesized that cows with high lactation persistency would produce more milk after 305 d than cows with lower persistency, but results show that lactation persistency is not providing more information about yield beyond 305 d than 305-d yield alone. Cows with lactations longer than 305 d were allowed to continue milking for reasons that appear to be unrelated to lactation persistency. As shown in Table 3 and discussed above, the phenotypic correlations between yield and lactation persistency are not 0 in the non-Holstein breeds. This may introduce some multicollinearity into the multiple-regression model because of the correlation between the two predictors, but the same lack of predictive ability was also seen in Holsteins, the breed in which 305-d yield and lactation persistency are phenotypically uncorrelated. These results are surprising, but it is useful to know that in the populations studied 305-d yield may be used as a highly accurate predictor of yield beyond 305 DIM.
Many lactations are now longer than 305 d, and cows with high lactation persistency may not need a yearly calving interval to be profitable. Breed-specific prediction equations for fixed end-points, such as 100-d intervals between 305 and 999 d, will allow producers to make better decisions about extending lactations beyond 305 d by providing accurate estimates of additional yield. An endpoint of 400 d was used to demonstrate how breed-specific prediction equations might be calculated, whereas JE data were used to determine whether or not lactation persistency had greater predictive ability as lactation length increased. Further refinement of the prediction equations may permit the use of single breed-specific equations to predict yield at any point between 305 and 999 d. Such equations will be most useful if integrated into on-farm management software.
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